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A central problem of contemporary physics is whether the law of gravity
is non-Newtonian on galaxy scales. Rodrigues et al.1 argue that Milgromian
gravitation2, which solves the flat rotation curve problem without the need for
dark matter particles, is ruled out at > 10σ significance. To a large extent, this
conclusion relies on galaxies with very uncertain distances and/or nearly edge-
on orientations, where dust obscuration often becomes significant. Applying
appropriate quality cuts to the data leaves only a handful of outliers to the
predictions of Milgromian gravitation according to the analysis of Rodrigues et
al.1, but even these outliers can be explained with Milgromian gravitation.
Milgromian gravitation (MOND) is a classical theory of gravitation with a non-linear
generalised Poisson equation derivable from a Lagrangian3. In MOND, only the distribution
of standard (luminous) matter sources the gravitational potential. To a Newtonian observer,
this potential implies a dark matter halo. In regions where the acceleration is below the
critical scale of Milgrom’s constant a0 = 1.2 × 10−10 m/s2 ≈ 3.6 pc/Myr2, the equations of
motion behave, possibly due to the quantum vacuum4, as if the system was Newtonian but
with a dark matter content, elegantly solving the so-called ‘dark matter’ problem.
Rodrigues et al.1 analyse high quality rotation curves of 100 galaxies and fit a Milgro-
mian acceleration scale, g0, to each individually. They argue that the observed dispersion in
g0 is inconsistent with a single value equal to a0 with > 10σ significance, therewith falsifying
MOND.
Importantly, Rodrigues et al.1 do not take into account inclination uncertainties. Fig. 1
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demonstrates that fixing g0 to the MOND standard value of a0 implies inclinations consistent
with the observations within uncertainties.
Of the 175 galaxies in the SPARC catalogue5 used by Rodrigues et al.1, there are 149
galaxies with quality flag Q ≤ 2 and inclinations i > 30◦. Amongst these are 59 (40%)
outliers whose inferred
∣∣∣log10 ( g0a0 )∣∣∣ > 0.2, being inconsistent with 0 at > 3σ confidence. By
using only the most reliable rotation curves (Q = 1), this is reduced to 33/93 (35%) outliers.
If we exclude very nearly edge-on systems with i > 85◦ where dust obscuration can make
it difficult to constrain the luminous matter distribution, then we are left with 26/78 (33%)
outliers. Rodrigues et al.1 only vary distances, D, by ±20%. For galaxies where the D
estimates are based only on the Hubble law, the D errors are underestimated. At the typical
D ≈ 50 Mpc6, a Local Group-like peculiar velocity of 630 km/s7 would alone cause an error
in D of 19%, being close to the range allowed by Rodrigues et al.1 Thus they only allow for
1σ variations in D. This suggests an outlier fraction of 32%, close to the real fraction of
claimed outliers. Rejecting galaxies with no other type of D measurement leaves just 5/29
(17%) outliers (Table 1), challenging the analysis of Rodrigues et al.1. Of these, figure A1
of Li et al.6 shows that NGC 3953 (our Fig. 2) and 3992 are well fit with slight variations in
the stellar mass-to-light ratio, M/L, while NGC 4183 is well fit if its distance is 28% below
the published value. Given the nominal 14% distance uncertainty for this galaxy, this is
plausible but falls outside the ±20 % range allowed by Rodrigues et al.1.
The rotation curves of real galaxies are subject to a range of non-negligible effects:
warps due to past encounters with other galaxies, differences in stellar populations arising
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from different star formation histories between galaxies and within different parts of the same
galaxy, non-uniform mass distribution within a galaxy (Renzo’s Rule2) and the external field
effect8 which changes the local Milgromian potential in this non-linear gravitational theory.
Figure 6 of Li et al.6 explicitly shows that allowing g0 to vary does not improve the
MOND fits to the same galaxy rotation curves used by Rodrigues et al.1. In view of the
published work of Li et al.6 which already demonstrated these galaxies to be well consistent
with MOND, the conclusion reached by Rodrigues et al.1 cannot be upheld. Instead, the
results by Li et al.6 support a simpler paradigm9 where galaxies follow one gravitational law
sourced only by the standard matter.
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Figure 1 Distribution of inclinations for all galaxies to be MONDian
Assuming g0 = a0 (in contrast to Rodrigues et al.
1) and the same stellar M/L for the bulges
and disks as in6, for each of the 175 galaxies the inclination, i, is varied until χ2 of the rotation
curve is minimised. The best MONDian model yields ibest for each galaxy. The χ
2 remains nearly
unchanged with respect to the analysis of Rodrigues et al.1 because our assumption that ibest 6= iobs
compensates for their assumption that g0 6= a0. The distribution of η ≡ |(ibest−iobs)/(2δobs)|, where
iobs and δobs are the published
5 inclination and its uncertainty, respectively, is shown as the blue
histogram; 98 galaxies have η < 1, and 135 galaxies have η < 2 and in all cases the adjustment to
i needed in order for each galaxy to be MONDian is within reasonable bounds on the inclination
uncertainty (note that the true inclination may deviate from the published one by a few times its
uncertainty).
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Figure 2 The largest outlier in Table 1
The MOND rotation curve for NGC 3953 (compare with the near-to-identical solution by Li et
al.6) is shown as the black dotted curve and the observational data are plotted as black points with
1σ uncertainties indicated by the horizontal bars (the contributions by gas and stars are indicated
by the solid green and dotted red lines, respectively). This shows how the most discrepant galaxy
(Table 1, g0 = 10
−13.712 km/s2 = 0.16 a0 with M/L = 1 according to Rodrigues et al.1) is well
modelled by MOND (with g0 = a0) if reasonable assumptions are made here to the distance
D = 17.1 Mpc, stellar mass-to-light ratio in the disk, M/L = 0.5, ibest = 63.
◦0 yielding a reduced
χ2 = 3.6 (compare with Dobs = 16.0 ± 1.8 Mpc, M/L = 0.59 ± 0.1 and iobs = 61.◦9 ± 1.◦0 with
a reduced χ2 = 3.42 in Li et al.6). The analytical MOND model is clearly good despite a high
reduced χ2, which may be due to a radial gradient in M/L or other small systematics. A proper
MOND representation of this galaxy would need to be a 3D model including a velocity ellipsoid
at different radii and allow for a possible warp, a non-smooth and non-axially-symmetric matter
distribution and the external field effect.
vi
Galaxy Log10
(
g0
a0
)
σ
D
D
Comments
NGC 3953 −0.88+0.57−2.46 13.9% Consistent if M/L varies slightly
NGC 4183 −0.62+0.45−0.16 13.9% Consistent if D is 28% below observed value
UGC 07524 −0.51+0.41−0.15 5.1% Irregular appearance, well fit with lower i 10
NGC 3992 −0.41+0.35−0.26 9.7% Consistent if M/L varies slightly
NGC 2403 0.27+0.02−0.03 5.1% Discrepant over very narrow range of radii
Table 1 Properties of galaxies identified by Rodrigues et al.1 which are discrepant
with MOND, showing their inferred 3σ uncertainty on g0. This is an underestimate
as they neglect inclination errors. Figure A1 of Li et al.6 shows good overall consistency between
predicted and observed rotation curves of these galaxies if some of the assumptions in Rodrigues
et al.1 are relaxed slightly, for instance that D is within 20% of the observed value (NGC 4183)
and that there are no radial gradients in M/L.
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